CONTROL DEVICE FOR DC MOTORS 



The present disclosure relates to the subject matter disclosed in International 
application No. PCT/EP02/06768 of June 19, 2002, which is incorporated 
herein by reference in its entirety and for all purposes. 

BACKGROUND OF THE INVENTION 

The invention relates to a control device for DC motors which are provided 
with a commutator for feeding their motor windings which has at least four 
sliding contacts, the control device comprising a modulation stage which 
generates at least one control signal which is modulated as to pulse width with 
a clock frequency substantially above the motor speed and a control circuit 
which is controlled by the at least one control signal and has at least one load 
branch which feeds the commutator and is provided with an electronic switch 
controlled by the control signal modulated as to pulse width. 

Control devices of this type are not known from the state of the art, wherein 
the entire commutator with all the sliding contacts of the DC motor is always 
controlled by a single load branch. 

A load branch of this type is to be dimensioned in accordance with the power 
of the electromotor, wherein the control device, in particular, must be 
designed such that it bears the freewheeling current which occurs and that the 
reactive effect of the pulse width modulation on a power system feeding the 
control device is as small as possible. 
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The object underlying the invention is to design a control device as 
inexpensively as possible. 

SUMMARY OF THE INVENTION 

This object is accomplished in accordance with the invention, in a control 
device of the type described at the outset, in that the sliding contacts are 
combined to form at least two control groups, that the sliding contacts are 
combined within each control group to form shunt-fed pairs of sliding contacts 
and that each of the control groups has its own load branch associated with it. 

The advantage of the inventive solution is to be seen in the fact that as a 
result of the power being divided between at least two control groups and each 
of the control groups having its own load branch associated with it the electric 
power which is to be connected by each load branch is reduced. This results in 
considerable cost advantages to the extent that, as a result, considerably 
more inexpensive components can be used which lead to a reduction in the 
costs despite the fact that two load branches are provided instead of one load 
branch and, therefore, more components. 

Moreover, an additional, considerable advantage of the inventive solution 
consists in the greater security against malfunctions since even with the 
breakdown of one load branch or one motor winding the DC motor still runs, 
namely due to the fact that the other load branch is still operating. As a 
result, the full power of the DC motor can no longer be obtained but it is of 
decisive importance, in particular, in the case of auxiliary units for motor 
vehicles, for example, a DC motor for operating a fan, whether the auxiliary 
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unit breaks down completely on account of component damage in the load 
branch or a defective motor winding or when the DC motor is maybe not 
operating with full power but still in the range of partial power. 

Within the scope of the present invention, the motor windings are designated 
as inductive loads for reasons of simplification although, to be exact, they also 
have an ohmic resistor and a capacitor. 

The inventive solution may be used particularly advantageously when more 
than two pairs of sliding contacts are present and, therefore, also more than' 
two control groups, i.e., for example at least three control groups or more are 
used and, therefore, three load branches or more since the failure of one load 
branch or one motor winding then leads only to a slight reduction in power of 
the DC motor which allows at least a temporary emergency operation, for 
example, in a motor vehicle. 

With respect to the design of the load branches, no further details have been 
given. One particularly favorable solution provides for each load branch to 
comprise an electronic switch connected in series to the pairs of sliding 
contacts and a freewheeling component which serves, in particular, to protect 
the electronic switch and is in a position to take over the freewheeling current 
of the motor winding when the electronic switch is switched off. 

With respect to the control of the various load branches, the most varied of 
solutions are conceivable. For example, it would be conceivable to design the 
modulation stage such that it controls all the load branches with a single 
control signal modulated as to pulse width so that the load branches all 
operate in parallel with the same control signal. 
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It is, however, particularly advantageous when the modulation stage 
generates a separate control signal modulated as to pulse width for each of 
the load branches; this offers the possibility of controlling the load branches 
individually. 

However, in order to design the different control of the load branches as 
simply as possible it is preferably provided for the at least two control signals 
to have the same period duration. 

In addition, it is advantageously provided for the at least two control signals to 
have an identical pulse width modulation, i.e., have identical behavior from a 
switch-on time period to the switch-off time period. As a result, simplifications 
with respect to circuit engineering are possible, in particular, for the generation 
of the control signals modulated as to pulse width. 

Furthermore, it is favorable, in particular, in order to be able to operate the 
load branches synchronously, when the at least two control signals are phase- 
locked in relation to one another. 

It is even more advantageous when the control signals modulated as to pulse 
width are shifted in phase relative to one another since it is then possible to 
operate the load branches such that their current consumption is distributed 
with respect to time in as optimum a manner as possible in order to minimize 
the reactive effects of the control device on a power system supplying it, for 
example, the electrical system of a motor vehicle, for example, due to the fact 
that the one of the load branches feeds current to the motor winding 
associated with it where possible when the other one of the load branches 
does not feed current to the motor winding associated with it. 
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This may be realized particularly favorably when the switch-on time period of 
one of the load branches and the switch-off time period of the other one of the 
load branches are predetermined relative to one another and when the time 
interval between the switch-on time period of the one of the load branches and 
the switch-on time period of the other one of the load branches varies in 
accordance with the value of the PWM ratio to be set. This solution allows the 
load branches to be operated with control signals which are modulated as to 
pulse width and phase-locked relative to one another, wherein the phase 
position is, however, varied, where applicable, by the PWM ratio in order to 
design the control device such that this has current requirements which are as 
uniform as possible when seen overtime. 

In this respect, it is particularly expedient when a control controls the load 
branches such that one of the load branches is switched on when the other 
one of the load branches is switched off. As a result, a state can be achieved: 
at least for some of the period duration or the clock cycle, with which one load 
branch is in the freewheeling state at least temporarily and the other one in 
the state supplied with current. 

Furthermore, it is of advantage when in a first operating range each of the 
load branches is switched on only when the respectively other load branch is 
switched off. 

This mode of operation allows the current requirements of the load branches 
to be of as uniform a configuration as possible over time and, where 
applicable, for any interruptions occurring in the current demand to be 
compensated in a simple manner and by way of simple measures, for 
example, by means of a simple capacitor or also, where applicable, a 
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freewheeling branch since it is always ensured that one of the load branches is 
in the freewheeling state for as long as the other load branch is in the state 
supplied with current. 

This may be realized advantageously, in particular, when in the first operating 
range each of the load branches is switched off with a gap in time prior to any 
switching on of the respectively other one of the load branches. 

One advantageous solution provides for a minimum period of time of, for 
example, 0.5 % of the period duration to be provided in the first operating 
range between the switching off of each of the load branches and the 
switching on of the respectively other load branch so that the load branch 
being switched off is safely switched off when the other load branch is 
switched on. 

Furthermore, the control signals modulated as to pulse width may be varied in 
the first operating range despite a phase-locked operation of the load branches 
in that in the first operating range the switch-on time period of the one load 
branch and the switch-off time period of the other load branch vary relative to 
the switch-off time period of the one load branch and to the switch-on time 
period of the other load branch. 

The operation of the load branches in the first operating range is, however, 
possible only until a PWM ratio of approximately 50 % is reached. 

With a PWM ratio of more than 50 %, the conditions explained above may not 
be realized. 
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For this reason, it is preferably provided for one of the load branches to be 
switched on in a second operating range only during the switching off or after 
the switching off of the other one of the load branches. This procedure 
enables, at least partially, the switching off of the one load branch and the 
switching on of the other load branch to be carried out approximately at the 
same time or at least close in time. 

This solution is particularly suitable when a transfer takes place from the first 
operating state into a second operating state and PWM ratios of more than 
50 % are used in the second operating state for controlling the load branches. 

Another possibility provides for each of the load branches to be switched on in 
the second operating range after the switching on and prior to the switching 
off of the respectively other one of the load branches. 

Within the meaning of the inventive solution, the switching on or a switching 
off of a load branch is to be understood, in particular, as a switching on and, 
therefore, a closing or a switching off and, therefore, an opening of the 
electronic switch provided in this load branch. 

Electronic switches within the meaning of the present invention are, in 
particular, field effect transistors. 

With respect to the possibilities of compensating for fluctuations in the current 
requirements of the inventive control device which occur despite a suitable 
choice of the control signals modulated as to pulse width, no further details 
have so far been given. It is, for example, sufficient in some cases to provide 
an adequately large capacitor on the input side of the control device to 
compensate for the fluctuations in voltage and current. 
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A capacitor of this type is adequate, in particular, when the control signals 
modulated as to pulse width are shifted in phase with respect to time in such a 
manner that they are always placed at least in an appreciable control range, in 
particular, in the range of a PWM ratio of less than 50 %, such that the one 
load branch is switched off when the other load branch is switched on. 

A particularly advantageous solution provides, however, for the electronic 
switch in each load branch to be located between a first connection of the pairs 
of sliding contacts forming a respective control group and a first voltage 
connection and for a second connection of the pairs of sliding contacts of the 
respective control group to be in communication with a second voltage 
connection, for a freewheeling branch to be provided which has as series 
connection a capacitor connected to the first voltage connection and an 
inductor connected to the second connection of the pairs of sliding contacts as 
well as a freewheeling diode which is located between a central tap between 
the capacitor and the inductor of the freewheeling branch and the first 
connection of the pairs of sliding contacts and via which a freewheeling current 
of the motor winding associated with the pair of sliding contacts flows when an 
electronic switch is opened. 

The advantage of this solution is to be seen in the fact that during the transfer 
from the state supplied with current into the freewheeling state fluctuations in 
the supply current flowing to the voltage connections are reduced by the 
capacitor and the inductor of the freewheeling branch and, in addition, voltage 
peaks occurring at the electronic switch and at the central tap of the 
freewheeling branch are evened out and have no or only an inconsiderable 



effect on the first voltage connection and the second voltage connection and, 
therefore, the first voltage connection and the second voltage connection are 
shielded against any undesired voltage peaks. 

In principle, it would be conceivable to associate a separate freewheeling 
branch with each load branch. One particularly favorable solution provides, 
however, for at least two load branches to be connected in parallel to a 
freewheeling branch. 

It is, however, also conceivable to connect several load branches in parallel to 
the one freewheeling branch. 

Such a connection in parallel of several load branches to one and the same 
freewheeling branch makes it possible to achieve the inventive advantages 
with component sizes which are as small as possible and, therefore, savings 
with respect to the circuitry resources required. 

With this solution, in particular, the currents through the capacitor may be 
reduced and so its service life increases and, in addition, it is possible to use 
less expensive capacitors. 

In this respect, the several load branches are preferably connected in parallel 
to the freewheeling branch in the same way as a single load branch and so the 
same conditions result in each load branch. 

It is particularly favorable when the at least two load branches have the same 
circuitry configuration, i.e., in particular, an electronic switch and the pair of 
sliding contacts connected in series as well as a central tap between them. 
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In principle, it would not be necessary to configure the electric parameters of 
the structural elements of the various load branches so as to be identical. It 
would easily be possible to operate in the load branches with structural 
elements of different dimensions, for example, it would also be conceivable to 
provide motor windings with different dimensions. 

It is, however, particularly favorable when the motor windings and, therefore, 
the inductive loads have essentially the same inductance. 

In order to keep the undesired voltage peaks at the central tap of the 
respective load branch as small as possible, it is preferably provided for a first 
connection of the capacitor of the freewheeling branch to be connected to a 
first connection of the electronic switch by means of a line, the inductance of 
which is less than 50 nano henry. With a low-inductive connection of this 
type, a change in the current through the capacitor may be brought about as 
quickly as possible. 

With respect to the dimensioning of the freewheeling branch, no further details 
have been given in conjunction with the preceding explanations concerning it. 
For example, one particularly advantageous embodiment provides for the 
product of the value of the inductor and the value of the capacitor in the 
freewheeling branch to be greater than the square of the cycle time of the 
control signals modulated as to pulse width. 

With this dimensioning it is possible for current changes and voltage peaks 
during the switching off and switching on of the electronic switches to have an 
effect on the supply voltage connection and the ground connection only to the 
desired small extent. 
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In order to bring about a suppression of current changes and voltage peaks 
which is as good as possible, it is preferably provided for the value of the 
capacitor of the freewheeling branch to be considerably greater than the 
product of the maximum value of the current through the motor winding or the 
motor windings with the cycle time, divided by the voltage between the first 
voltage connection and the second voltage connection. 

In the case of dimensioning, it is to be taken into account that the greater 
value of the respective maximum possible currents through the motor 
windings is to be taken into consideration as current through the motor 
windings in the case of several load branches. 

The inventive solution works in all the cases, in which one of the voltage 
connections is connected to the supply voltage connection and the other one 
of the voltage connections to the ground connection. 

It is, however, particularly favorable, especially for the use of the inventive 
solution in a motor vehicle, when the first voltage connection is connected to 
the supply voltage connection and the second voltage connection to the 
ground connection. 

Additional features and advantages of the invention are the subject matter of 
the following description as well as the drawings illustrating several 
embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 



shows a schematic illustration of a circuit diagram of a 
first embodiment of an inventive control device; 



Figure 2 



shows a schematic illustration of the control signals used 
in the first embodiment; 



Figure 3 



shows a schematic illustration of a circuit diagram of a 
second embodiment of an inventive control device; 



Figure 4 



shows a schematic illustration of the control signals used 
in the second embodiment of the control device in a first 
operating range; 



Figure 5 



shows a schematic illustration of the control signals used 
in the second embodiment of the inventive control device 
in a second operating range; 



Figure 6 



shows a schematic illustration of a section from the circuit 
diagram of a third embodiment of an inventive control 
device, wherein the section shows only the first load 
branch in a state supplied with current; 



Figure 7 



shows the circuit diagram of the third embodiment 
according to Figure 6 in the freewheeling state of the first 
load branch; 
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Figure 8 



shows a schematic illustration of a circuit diagram of a 
fourth embodiment of an inventive control device with a 
freewheeling branch and two load branches which are 
both in the state supplied with current; 



Figure 9 



shows the circuit diagram of the fourth embodiment in the 
freewheeling state of both load branches; 



Figure 10 



shows the circuit diagram of the fourth embodiment in the 
freewheeling state of the second load branch and in the 
state supplied with current of the first load branch; 



Figure 11 



shows an illustration of measurement values for the fourth 
embodiment at a PWM ratio of 30 %; 



Figure 12 



shows an illustration of measurement values for the fourth 
embodiment at a PWM ratio of 50 % and 



Figure 13 



shows an illustration of measurement values of the fourth 
embodiment at a PWM ratio of 80 %. 



DETAILED DESCRIPTION OF THE INVENTION 



A first embodiment of an inventive control device illustrated in Figure 1 
comprises a control circuit designated as a whole as 10 for a DC motor MO, 
with which a fan wheel in a motor vehicle is, for example, driven. 
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The control circuit 10 comprises a voltage source V which is located between a 
supply voltage connection 12 and a ground connection 14 of the control circuit 
10 and generates a supply voltage U. 

With the control circuit 10, individual motor windings M, for example, four 
motor windings Ml, M2, M3, M4 are supplied with current via a commutator 
16, comprising, for example, four sliding contacts 21, 22, 23, 24 designed as 
carbon brushes, of the DC motor MO, wherein in the position of the 
commutator 16 illustrated in Figure 1 the motor windings Ml and M2 are 
supplied with current via a first and a second pair of sliding contacts 18a and 
18b, respectively, which form a first control group, and the motor windings M3 
and M4 via a third and fourth pair of sliding contacts 18c and 18d, 
respectively, which form a second control group. 

The motor windings Ml to M4 represent primarily inductive loads for the 
control circuit 10. 

In order to activate the motor windings Ml to M4 the control circuit 10 
comprises a first load branch 20, in which an electronic switch SI and the 
inductive load, i.e., in this case the two motor windings Ml and M2, which are 
shunt fed, are connected in series, wherein the electronic switch SI is located 
between the sliding contact 21 of the pairs of sliding contacts 18a and 18b and 
the supply voltage connection 12 and the sliding contact 22 of the first pair of 
sliding contacts 18a as well as the sliding contact 23 of the second pair of 
sliding contacts 18b are each connected to the ground connection 14 and, 
consequently, the motor windings Ml and M2 are located between the two 
sliding contacts 21 and 22 and 21 and 23, respectively. 
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Furthermore, a second load branch 50 of the control circuit 10 is provided 
which has an electronic switch S2 which is connected in series to pairs of 
sliding contacts 18c and 18d which are connected in parallel, wherein the 
electronic switch S2 is located between the supply voltage connection 12 and 
the sliding contact 24 of the third and fourth pairs of sliding contacts 18c and 
18d whereas the sliding contact 22 of the third pair of sliding contacts 18c and 
the sliding contact 23 of the fourth are connected to the ground connection 14. 

Not only the switch SI but also the switch S2 of the first load branch 20 and 
the second load branch 50, respectively, can be activated with control signals 
S1A and S2A, respectively, which are modulated as to pulse width and can be 
generated by a modulation stage MS. 

In this respect, the control signals S1A and S2A, respectively, which are 
modulated as to pulse width have period durations or cycle times TZ which, as 
illustrated in Figure 2, are preferably identical. 

In addition, the switch-off time periods TA and switch-on time periods TE are 
preferably, as illustrated in Figure 2, identical for both control signals S1A and 
S2A. 

Since the cycle time TZ is a multiple of the speed of the motor MO, for 
example, corresponds to at least 100 times, even better at least 300 times, 
the speed of the motor MO, the effects of the control signals S1A and S2A 
modulated as to pulse width can be viewed approximately as if the motor 
windings Ml and M2 and the motor windings M3 and M4 were constantly 
connected to the pairs of sliding contacts 18a and 18b or 18c and 18d, 
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respectively. Any further rotation of the motor MO results in the motor 
windings Ml to M4 being connected to the pairs of sliding contacts 18a and 
18b or 18c and 18d, respectively, in a different association, wherein all the 
motor windings normally have in a first approximation the same inductance 
and, therefore, their connection to the pairs of sliding contacts 18a and 18b as 
well as 18c and 18d can also be considered in the same way as the connection 
of the motor windings Ml and M2 as well as M3 and M4. 

In one expedient embodiment, the inductance of the motor windings Ml to M4 
is selected to be so large that the current is approximately constant with the 
cycle time TZ selected, for example, TZ ~ 50 p. TZ is, in particular, selected to 
be so small that the current through the motor windings Ml, M2 has no gaps. 

To avoid any reactive effects of the parallel switching on of the electronic 
switches SI and S2 by the control signals S1A and S2A, a capacitor K is 
provided between the supply voltage connection 12 and the ground 14 and 
this is in a position, with a corresponding size, to smooth out, at least partially, 
the flow of current from the voltage source V to the supply voltage connection 
12 and from the ground connection 14. 

In a second embodiment, illustrated in Figure 3, the motor MO is illustrated by 
means of an equivalent circuit diagram, comprising, for example, the four 
motor windings Ml to M4, wherein the commutator 16, likewise illustrated by 
an equivalent circuit diagram, is in the same position as in the first 
embodiment and so the motor winding Ml is connected to the pair of sliding 
contacts 18a and the motor winding M2 to the pair of sliding contacts 18b, the 
motor winding M3 to the pair of sliding contacts 18c and the motor winding M4 
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to the pair of sliding contacts 18d and the pairs of sliding contacts 18a and 18b 
form the first control group and the pairs of sliding contacts 18c and 18d the 
second control group. 

In addition, a respective freewheeling diode D is connected in parallel to the 
pairs of sliding contacts 18a and 18b connected in parallel and the pairs of 
sliding contacts 18c and 18d in order to protect the electronic switches SI, S2 
provided in the respective load branches 20, 50 and this diode takes over the 
freewheeling current when the respective electronic switch SI, S2 is switched 
off. 

In the second embodiment, the modulation stage operates such that the first 
control signal S1A and the second control signal S2A have the same cycle time 
TZ but the control signals S1A and S2A are shifted in phase, for example, the 
shift in phase is selected such that the control signals S1A and S2A are shifted 
in phase by the cycle time TZ/2 relative to one another. 

Furthermore, the switch-on time period TE and the switch-off time period TA 
are still the same for the sake of simplicity, wherein the switch-on time period 
TE and the switch-off time period TA vary relative to one another depending 
on the desired speed. 

With this shift in phase of the control signals S1A and S2A relative to one 
another it is possible to switch on the one load branch, for example, the first 
load branch 20, at least up to a PWM ratio of 50 %, when the other load 
branch, for example, the load branch 50 is switched off so that the other load 
branch is always switched off during the times, in which the one load branch 
draws current from the voltage source, whereas the other load branch draws 
current from the voltage source when the one load branch is switched off. 
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As a result, it is possible for the capacitor K between the supply voltage 
connection 12 and the ground connection 14 to have smaller dimensions since 
this has merely to balance out smaller fluctuations in current. 

Since it is possible in the range of the pulse width modulation up to a PWM 
ratio of 50 % to always switch on the one load branch when the other load 
branch is switched off, the shift in phase of TZ/2 between the first control 
signal S1A and S2A is maintained in this range which is designated as first 
operating range of the control circuit. 

If, however, the PWM ratio exceeds the value of 50 %, the shift in phase 
between the first control signal and the second control signal is 
advantageously determined at a value of less than TZ/2 so that the one 
control signal S1A is always switched on and switched off when the other 
control signal is switched on so that a current demand from the voltage source 
V which is temporarily increased occurs but this is balanced out by the 
capacitor K in a simple manner. 

A third embodiment of an inventive control device comprises a control circuit 
10 1 which has, for the respective pairs of sliding contacts combined to form a 
control group in accordance with Figure 1, for example, the pairs of sliding 
contacts 18a and 18b and the motor windings associated with them which are 
connected in parallel and represent an inductive load, for example, the motor 
windings Ml and M2 illustrated in Figure 6, the corresponding load branch, in 
this example the first load branch 20, in which the electronic switch SI and the 
inductive load, in this case the motor windings Ml and M2, are connected in 
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series, wherein the electronic switch SI is located between the sliding contact 
21 of the inductive load, formed by Ml and M2, and the supply voltage 
connection 12 and, in this respect, is connected to the supply voltage 
connection 12 with a first connection ESI and the sliding contacts 22 and 23, 
which provide the connection to the inductive load Ml and M2, are connected 
to the ground connection 14. 

The third embodiment, as well, proceeds by way of example from a relative 
position of the commutator 16 in relation to the motor MO which corresponds 
to that of the first and second embodiments according to Figures 1 and 3. 

Furthermore, the sliding contact 21 of the inductive load Ml and M2 is 
connected to a central tap 26 of the first load branch 20. 

In addition, the inventive control circuit 10' comprises for each of the load 
branches, in this case for the first load branch 20, a freewheeling branch 30, in 
which a capacitor C and an inductor L are connected in series, wherein a first 
connection 32 of the capacitor C is connected to the supply voltage connection 
12 and a second connection 34 of the capacitor C is connected to a central tap 
36 of the freewheeling branch 30 which, for its part, is again connected to a 
first connection 38 of the inductor L which is connected via a second 
connection 40 to the ground connection 14. 

Furthermore, a freewheeling diode Dl of the freewheeling branch 30 is located 
between the central tap 36 of the freewheeling branch 30 and the central tap 
26 of the first load branch 20 and its flow-through direction is selected such 
that it allows a current to flow from the central tap 36 to the central tap 26 but 
blocks it in the reverse direction. 
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The electronic switch SI can be controlled, in addition, by means of the control 
signal S1A which is modulated as to pulse width and is generated by a 
modulation stage MS in accordance with the power of the motor MO required 
and with a predetermined cycle time TZ. 

The inventive control circuit 10' in accordance with the third embodiment 
operates as follows: 

If the electronic switch SI is closed by the control signal S1A modulated as to 
pulse width, a current IM1 designated by arrows with a dotted line flows from 
the supply voltage connection 12 via the first electronic switch SI, the central 
tap 26 and the motor winding Ml to the ground connection 14 for operating 
the motor windings Ml and M2 during a current supply time TS. 

The current IM1 through the motor winding Ml is the sum of the partial 
currents IV and IC1E uniting at the supply voltage connection 12, wherein the 
voltage source V supplies the partial current IV and the partial current IC1E 
flows as a result of a discharge of the capacitor C from its first connection 32 
in the direction of the supply voltage connection 12. 

Furthermore, a current IL1 flows from the ground connection 14 through the 
inductor L, namely in the direction of the central tap 36 and from the central 
tap 36 as current IC1E to the second connection 34 of the capacitor C so that 
the current IM1 is divided at the ground connection 14, wherein the partial 
current IV flows to the voltage source V whereas the partial current IL1 flows 
through the inductor Lto the capacitor C, wherein IC1E and IL1 are, in this 
case, of the same size. 
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If, on the other hand, as illustrated in Figure 7, the switch SI is opened by the 
control signal S1A, current no longer flows from the supply voltage connection 
12 via the electronic switch SI and the motor winding Ml is operated in the 
freewheeling state for the duration of a freewheeling time TF. During this 
time, a current IC1L flowing in the opposite direction to the current IC1E flows 
from the supply voltage connection 12 to the first connection 32 of the 
capacitor C and charges this, wherein the current IC1L corresponds to the 
current IV which flows from the voltage source V to the supply voltage 
connection 12. In this respect, the current IV is approximately of the same 
size during the current supply period TS and the freewheeling period. 

Furthermore, the current IC1L flows from the second connection 34 of the 
capacitor C to the central tap 36. 

In the freewheeling state, a current IM1F flows from the central tap 36 via the 
diode Dl to the central tap 26 of the first load branch 20 and from this via the 
motor winding Ml to the ground connection 14. 

This current IM1F is formed by two partial currents, namely as first partial 
current the current IC1L which results due to charging of the capacitor C and, 
on the other hand, by the current IL1 which still flows through the inductor L 
to the central tap 36 of the freewheeling branch 30. 

Furthermore, the current IM1 is again divided at the ground connection 14 into 
the current IL1 which flows to the second connection 40 of the inductor L and 
through this as well as a current IV which flows back to the voltage source V. 
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In this state, the current IV is equal to the current IC1L, wherein the current 
IC1L would, theoretically, flow for such a time until the capacitor C is charged. 

The advantageous effects of the freewheeling branch 30 may be achieved with 
the following dimensionings of the capacitor C and the inductor L. 

(1) L*C » (TZ) 2 

TZ 

(2) C > (maximum value IM1) • U • 10 

The second load branch 50 is designed identically to the first load branch 20 
for operating the motor windings M3 and M4 and the freewheeling branch 30 is 
likewise associated with the second load branch 50. 

In a fourth embodiment of an inventive control circuit 10", illustrated in 
Figures 8 to 10, the motor MO and the commutator 16 are in the same 
position relative to one another as illustrated in the first and second 
embodiments according to Figures 1 and 3 and the description proceeds by 
way of example from this state. Furthermore, not only the first load branch 
20, which is designed in the same way as in the third embodiment, to which 
reference is made, is illustrated between the supply voltage connection 12 and 
the ground connection 14 but also the second load branch 50 which is 
designed similar to the first load branch 20 and is likewise connected in parallel 
to the same freewheeling branch 30\ Therefore, the second load branch 50 
likewise comprises the electronic switch S2 which is connected in series to an 
inductive load, namely the motor windings M3 and M4, wherein the electronic 
switch S2 is located between the supply voltage connection 12 and a sliding 
contact 24 for the motor windings M3 and M4 and, in this respect, is connected 
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to the supply voltage connection 12 with a first connection ESI and the sliding 
contacts 22 and 23 for the motor windings M3 and M4 are connected to the 
ground connection 14. 

Furthermore, the second load branch 50 is provided with a central tap 56, 
wherein a diode D2 is provided between the central tap 56 and the central tap 
36 of the freewheeling branch 30\ the freewheeling branch 30' being 
supplemented by this diode, wherein the diode D2 is connected with its flow- 
through direction such that it allows a current to flow from the central tap 36 
to the central tap 56 but blocks it in a reverse direction. 

Furthermore, the electronic switch S2 can be controlled by the modulation 
stage MS by means of the control signal S2A modulated as to pulse width, 
wherein the control signal S2A preferably has the same cycle time TZ as the 
control signal S1A. 

For reasons of the clarity of the circuit, in particular, also with a view to the 
currents flowing, the sliding contacts 22 and 23 are illustrated twice although 
the commutator 16 is actually designed in the same way as that illustrated in 
Figures 1 and 3. 

For the dimensioning of the capacitor C, the following applies for the second 
embodiment 

TZ 

C > (maximum value IM1, IM2) U • 10, 
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wherein the value to be used for the (maximum value IM1, IM2) is that which 
corresponds to the greatest maximum current through the inductive load in 
the load branches 20, 50. 

If the two switches SI and S2 are closed in the fourth embodiment of the 
inventive control circuit 10', the current IM1 flows analogously to the third 
embodiment via the motor windings Ml and M2 connected in parallel and the 
current IM2 via the motor windings M3 and M4 connected in parallel, wherein 
the currents IM1 and IM2 are each formed from two partial currents, of which 
one is supplied by the current IV supplied by the voltage source V and the 
other partial current by the currents IC1E and IC2E, respectively, which result 
during the discharge of the capacitor C, wherein the partial current IC1E 
contributes to the current IM1 through the motor windings Ml and M2 and the 
partial current IC2E to the current IM2 through the motor windings M3 and 
M4. 

Furthermore, in accordance with the case of the first embodiment illustrated in 
Figure 1 the currents IL1 and IL2 also flow through the inductor L in the 
second embodiment illustrated in Figure 3, wherein the currents IL1 and IL2 
correspond to the currents IC1E and IC2E. 

Furthermore, the currents IM1 and IM2 are again divided at the ground 
connection 14 into the partial currents IL1 and IL2, respectively, as well as 
additional partial currents which result in the current IV flowing to the voltage 
source V. 

If, as illustrated in Figure 9, both switches SI and S2 are switched off, 
conditions result which correspond to those of the second embodiment, 
illustrated in Figure 7. This means that the freewheeling currents IM1F 
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and IM2F, which each represent the sum of the currents IC1L and IC2L, 
respectively, as well as IL1 and IL2, flow through the respective motor 
windings Ml and M2 as well as M3 and M4, analogous to the freewheeling 
state of the first embodiment, illustrated and described in Figure 7. 

The fourth embodiment of the inventive control device with the control circuit 
10" can, however, be operated in an additional state, as illustrated in Figure 
10, namely in a state, in which the electronic switch SI is, for example, closed 
and the electronic switch S2 opened. 

In this case, the current IM1 flows in the first load branch 20 through the 
motor windings Ml and M2 analogous to the case illustrated in Figures 6 and 8 
whereas in the second load branch 50 the freewheeling state is present on 
account of the opened switch S2 and so the current IM2F flows in this, 
analogous to Figures 7 and 9. 

This leads in the freewheeling branch 30 to the fact that the current IC1E flows 
in accordance with the state of the first load branch 20 from the first 
connection 32 of the capacitor C to the supply voltage connection 12 in order, 
as partial current, to form the current IM1 with an additional partial current of 
the current IV, wherein the current IL1 also flows through the inductor L on 
account of the current IM1 through the first load branch 20. 

On the other hand, the second load branch 50 is in the freewheeling state 
which means that a current IC2L flows from the second connection 34 of the 
capacitor C to the central tap 36 and, in addition, a current IC2L flows from 
the supply voltage connection 12 to the first connection 34 of the capacitor C, 
wherein the capacitor C is charged by the current IC2L. 
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Furthermore, the freewheeling state in the second load branch 50 leads to the 
fact that as a result of the inductor L the current IL2 leads from the base 
connection 14 to the central tap 36 and is added to the current IC2L to form 
the current IM2F which flows through the second motor winding M2. 

As shown by a comparison of the directions of the currents IC1E and IC2L, 
these flow in opposite directions to one another and so they cancel one 
another out at least partially and so a resulting current either discharges or 
charges the capacitor C depending on whether the current IC1E or the current 
IC2L predominates, wherein this resulting current is smaller than the amounts 
of the currents IC1E and IC2L. 

In addition, it is clearly apparent in the case of the switching state of the 
fourth embodiment according to Figure 10 that the currents IL1 and IL2, as . 
also results from the switching states according to Figure 8 and Figure 9, 
retain their direction at least and can fluctuate only as to their amount 
whereas it is shown in a comparison of the currents IC1E or IC2E and IC1L or 
IC2L that these alter their direction depending on which of the motor windings 
Ml and M2 and/or M3 and M4 is in the freewheeling state, wherein in the case 
where some of the motor windings, namely the motor windings Ml and M2, 
are in the state supplied with current and the other ones of the motor 
windings, namely the motor windings M3 and M4, are in the freewheeling state 
the currents IC1E and IC2L cancel one another out at least partially and so in 
total only a slight discharging or charging current flows to the capacitor. 

In addition, the freewheeling branch 30 ensures that the current IV flowing 
from the voltage source V is not essentially interrupted irrespective of the 
position of the electronic switches SI or S2 and, therefore, always continues to 
flow and, at the most, fluctuates as to its amount. 
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Since the currents IC1E and IC2L cancel one another out at least partially 
when, according to Figure 10, some of the motor windings Ml, M2, M3, M4, for 
example, the motor windings Ml and M2 are in the state supplied with current 
and the other ones of the motor windings, for example, the motor windings M3 
and M4 are not in the state supplied with current, the load on the freewheeling 
branch 30 is minimal when the occurrence of such a state is aimed for during 
periods within the cycle time TZ which are as long as possible. 

The modulation stages MS preferably operate such that their cycle time TZ is 
identical. 

Furthermore, it is preferably provided for the control signals S1A and S2A 
modulated as to pulse width not only to have the same cycle times TZ but also 
to be phase-locked relative to one another in order to take into account the 
state that some of the motor windings Ml, M2, M3, M4, for example, the 
motor windings Ml and M2 are in the state supplied with current whereas the 
other ones of the motor windings Ml, M2, M3, M4, for example, the motor 
windings M3 and M4 are in the freewheeling state. For this reason, with a 
control signal S1A modulated as to pulse width the control signal S2A 
modulated as to pulse width is formed so as to be phase-locked, namely such 
that its switch-on time period TE1 corresponding to the current supply time TS 
falls into a switch-off time period TA2 of the control signal S2A corresponding 
to the freewheeling time TF whereas, on the other hand, a switch-on time 
period TE2 is such that this falls into a switch-off time period TA1 of the first 
control signal S1A modulated as to pulse width. 
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The electronic switches SI and S2 are closed in accordance with the first 
control signal S1A or the second control signal S2A in the periods TE1 and 
TE2, respectively, and opened in the periods TA1 and TA2, respectively. 

Accordingly, the currents IM1 and IM2 are formed due to the motor windings 
Ml and M2 or M3 and M4, as illustrated in Figures 11c and d, respectively, 
wherein different sizes of the motor windings Ml and M2 and M3 and M4, 
which lead to different currents IM1 and IM2, have been assumed merely for 
the sake of a clearer illustration of the relationships but the motor windings 
Ml, M2, M3, M4 are normally of an identical design. 

Furthermore, a current IL1 plus IL2 results therefrom, as illustrated in Figure 
lie, due to the inductor L and this is essentially constant over the time 
whereas the current IC1 plus IC2, as illustrated in Figure llf, fluctuates. 

Finally, Figure llh shows that during the transition from the freewheeling 
state to the state supplied with current voltage peaks of the voltage U36 can 
occur at the central tap 36. These voltage peaks have their cause in a 
freewheeling capacitor which is not ideal and has a longitudinal inductance 
which is not to be ignored and leads to the fact that the current cannot alter 
suddenly due to the capacitor C and, therefore, voltage peaks occur at the 
central tap 36 in comparison with the ground connection 14. 

These voltage peaks may be kept small due to a connection of the first 
connection 32 of the capacitor C to the switches SI, S2 and of the second 
connection 34 to the diodes Dl, D2 which has an inductance of less than 50 
nano henry. 
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These voltage peaks also do not have any effect on the supply voltage 
connection 12 or the ground connection 14 since these are shielded in relation 
to the central tap 36 by the capacitor C and the inductor L, respectively. 
Therefore, the current IV which flows from the voltage source V to the supply 
voltage connection 12 and from the ground connection 14 to the voltage 
source V is essentially constant, as is apparent from Figure llg. 

Furthermore, it is to be noted in Figure llh that the change in the voltage at 
the capacitor C is small during a cycle time TZ, preferably less than 50 mV 
which can be achieved by means of a big capacitor C of, for example, 

TZ 

C > 30 (maximum value IM1, IM2) U . 

If the pulse width modulation is now changed, i.e., the switch-off time period 
TA1 is altered in favor of the switch-on time period TE1, only a shifting of a 
switch-off flank AF1 of the first control signal S1A preferably takes place 
whereas a switch-on flank EF1 is not shifted. 

On the other hand, the switch-on flank EF2 in the case of the second control 
signal S2A is shifted whereas the switch-off flank AF2 remains unchanged. 

Finally, the first control signal S1A and the second control signal S2A are 
synchronized in such a manner that the switch-on flank EF1 and the switch-off 
flank AF2 are in constant phase relationship relative to one another, for 
example, follow one another in time at such an interval that the switch-off 
flank AF2 has just reached the value zero when the switch-on flank EF1 
deviates from the value zero to higher values. 
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As a result, a preset phase relationship is predetermined by the switch-on 
flank EF1 and the switch-off flank AF2 and this always ensures that the 
respective switch-on time period TE1 or TE2 of the one control signal S1A and 
S2A, respectively, occurs when the switch-off time period TA2 and TA1, 
respectively, is present in the case of the other control signal S2A and S1A, 
respectively. 

This is possible for such a time until a PWM ratio of almost 50 % is reached 
since, in the case of an identical cycle time TZ predetermined for the first 
control signal S1A and the second control signal S2A, it is then no longer 
possible for the switch-on time period of the one control signal S1A or S2A to 
coincide with the switch-off time period of the other control signal S2A and 
S1A, respectively. 

If, on the other hand, a PWM ratio of approximately 50 % is reached, as 
illustrated, for example, in Figure 12, a temporary overlapping of the control' 
signals S1A and S2A cannot be avoided, for example, in the range of the 
switch-off flank AF1 and the switch-on flank EF2. 

As a result, a state which is illustrated in Figure 8 is reached for a short period 
of time on account of the overlapping in time of the switch-on flank EF2 with 
the closed state of the electronic switch S1A as far as the switch-off flank AF1 
of the first control signal S1A whereas between the switch-off flank AF2 and 
the switch-on flank EF1 a state is present which is illustrated in Figure 9, i.e., a 
state, with which both electronic switches SI, S2 are opened. 

This has an effect in this way which is clearly apparent in the sum of the 
currents IC1 plus IC2, as illustrated in Figure 12f. 
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On the other hand, the effect on the motor currents IM1 and IM2 in a 
comparison with the ratios in the case of a pulse width modulation of 30 % is 
similar at least qualitatively (Figures 12c, 12d). 

If, on the other hand, the control signals S1A and S2A have PWM ratios of 
approximately 80 %, the switch-on time period TE1 and TE2 predominates 
over the corresponding switch-off time period TA1 and TA2, respectively 
(Figures 13a, 13b). In this case, it is no longer possible for the two control 
signals S1A and S2A to be arranged relative to one another in time such that 
the switch-on time periods TE1 and TE2 overlap as little as possible, wherein 
the rigid phase relationship between the switch-off flank AF2 of the second, 
control signal S2A and the switch-on flank EF1 of the first control signal is 
maintained. 

Between the time ti and the time t 2/ conditions are, therefore, present in the 
case of the second embodiment in the state according to Figure 10, i.e., some 
of the motor windings Ml, M2, M3, M4 are in the state supplied with current 
whereas the others are in the freewheeling state (Figures 13a, 13b). 

Between the time t 2 and the time t 3 , conditions are present in accordance with 
Figure 8, i.e., all the motor windings Ml, M2, M3, M4 are in the state supplied 
with current. 

Between the times t 3 to U and to t 5/ conditions are likewise present in 
accordance with Figure 10, i.e., some of the motor windings Ml, M2, M3, M4 
are in the state supplied with current and the others in the freewheeling state. 
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Consequently, in the fourth embodiment at a pulse width modulation of more 
than 80 %, switching states essentially occur according to Figure 8 and 
according to Figure 10 whereas switching states according to Figure 9 of the 
fourth embodiment do not occur. 

At PWM ratios of approximately 80 %, the currents IM1 and IM2 are 
considerably greater than at the PWM ratios of less than 80 % (Figures 13c 
and 13d). At PWM ratios of between 80 % and 100 %, the currents IM1 and 
IM2 are greater. 

In addition, the current IL1 plus IL2 reaches its maximum at the pulse width 
modulation of 50 % (Figures 13e and 13f). 

With the sum of the currents IC1 and ICL, fluctuations occur, as illustrated in 
Figure 13f, depending on which of the motor windings Ml, M2, M3, M4 are in 
the state supplied with current or in the freewheeling state. 

Moreover, the current IV from the voltage source V to the supply voltage 
connection 12 and from the ground connection 14 to the voltage source V is 
also essentially constant in this case (Figure 13g). 



